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The four a].lylic tin compounds I-IV undergo ready conversion to

the respective allylic lithium reagents,as shown for IV in eq. 1.

THF
Me
3

SnCH2C ( CH
3
)=CHC2H5 

+ MeLi ———— ~~~~ L i (CH 2C (CH
3

) CHC2H5
) + Me4Sn (1)

In a typical reaction, this tin compound, in tetrahydrofuran (THF)

solution under nitrogen at 0°C , was treated with 1.1 molar equiv—

alents of methyllithium in diethyl ether. The resulting yellow

solution was stirred for 30 m m .  at 0°C and then an excess of ace-

tone was added. After 30 mm ., hydrolytic work-up was followed

by examination of the organic phase by gas chromatography (GLC).

It was determined that the carbonyl addition product, (CH
3
)2C(OH)-

CH ( C 2H5) C ( CH
3
)=CH2, had been produce d in 88~ yield.

Each allylic lithium compound generated from compounds I-IV

was allowed to react with three carbonyl compounds , iodomethane

and trimethylchlorosilane. The results of these experiments are

given in Tables 1-LI. and are summarized and compared in Table 5. 4
Excellent product yields were obtained In all reactions and the

results compare reasonably well with those reported in the liter—

ature for similar reactions of comparable reagents. For example, f~
.

Barbot, Chan and)~Mig iniac9 conducted a series of reactions of j .
L i(CH 2CHCMeEt ) with carbonyl compounds , among them (CH 3

)2C0 ,

I
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TABLE 1. Reactions of Li (CH 2CHCHC6R 13)

Substrate Product ( % yield) a/y ratio

Me3SiC1 Me3SiCH2CH=CHC6H13 
(98) 0/100

CH3I QI3CH (C6H13)CH CH 2 (40) 47/53

CH3CH2CH CHC6H13 (45)

Me2C (OH)CH (C6H13)CH CH2 (80) 86/14

~~ 2C (OH)CH 2CH...CHC6H13 (13)

Me2CHCBO Me2CHCH (OH)CH (C6H13)CH CH2 (63) 69/31

Ke2CHCR (OH )CU2CN CHC 6H13 (28)

(CF3) 2C0 (CF 3) 2C (OH)CH(C 6H13) CH=CH2 (30) 32/68

(CF3)2C(OH)CH2cR=cHC6H13 (63)

V. .

v
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TABLE 2. Reactions of Li(CH 2CHCHPh) -

Substrate Product (% yield) ~~y ratio

Me3SiC1 Me3SiCH 2CH CHPh ( 96) 0/100

cH3I CH3CHPhCH CH2 
(76) 84/16

CH3CH2CH CHPh (14)

Me2CO Me2C (OH ) CHPhCH CH2 (70) 79/21

(19) 
-

Me2cH(OH)CHPhCH dH2 (54) 56/44

~~ 2c 0 ~~~~ 2~~~ (43)

(CF3)2C0 (cF 3)2C (OH)CRPhcH=CH2 
(20) 24/76

(67)

U
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TABLE 3. ReactionS of Li (CH2cH~~~~~~ 
)

Substrate~ 
Product (S yieldi ~~ 

ratio .

Me3SiCl 
Me3SiCli2

CH~~~~~~ 
(92) 0/100

cH3I ~~~ j..,CB3 
(23) 29/71

cH=c02

CHCH~CH3 ( 54)

• c I çC (OH)Me2 (89) 100/0

cR=cH2

c J ç
dh3 c0h1

~~
h1Me2 (6 7) 79/21

ca—cH 2

• 

. 

~~~~~~~~ CRCH2CH (OH ) cHMe2 (18) 
. j

~~~~~~~cHCH 2C (OH) (CF3) 2 (82) 0/100

• ~~~~~
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independent of that of the starting tin compounds.

The phenylallyllithium reactions with carbonyl compounds

gave linear products of predominantly ( > 9 C ~~) trans configura-

tion, in agreement with the observations of Gerard and Miginiac10.

The reac tion with trimethylchlorosilane pro duced a known linear

olefin, Me
3

SiCH 2CH=CH2C6H5, the refractive index and NMR spectrum

of which matched those for the trans isomer as reported by Roberts

and Kaissi .~
6 The linear alôohol derived from the reaction of

this reagent with isobutYraldehyde~also was of a trans configura-

tion , with art NMR spe~ctrum matching that reported for this isomer

by Gerard and Miginiac .10 The two linear hexafluoroactone-derived

alcohols were separable by GLC and identified by means of the

coupling constants of the olefin.tc protons 
~~~~~~~~ 

= 11 Hz ;

3AB(trans ) — 16 Hz ) .  Again , the trans isomer predominated. The

major isomers obtained in the other C=0 addition reactions also

had the trans configuration.

The n-hexylallyllithium addition products proved more diffi-

cult to analyze since, as with the parent tin compound , I , the

isomers were not easily separable by GLC. The linear silane de-

rived from the reaction with trimethylchlorosilane was almost ex-

clusively tra.~~~ NT~IR analysis showed only one Si-Me resonance

and its IR spectrum displayed a prominent absorption at 965 cm 1. r
When this compound was prepared by the Wittig reaction1, both iso-

mere were obtained, each with a slightly different Si-Me reson-

ance. One Si-Me peak , therefore , indicates the presence of only

one isomer. The 3—decene produced in the iodomethane reaction

also was assigned the trans configuration on the basis of a pro-

minent IR absorption at 965 cm4.
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The linear alcohols derived from reactions between the carb-

onyl compounds and ~ -hexylallyllithiuzn proved to be mixtures of

2j~ and trans isomers . According to the IR spectru!n of the mixt-

ure , the ~~~ isomer predominated ( absence of prominent absoptions

in the 965-960 cm~~ region). The reac tions of L1( CH 2CHCHEt)  wi th

carbonyl compounds also gave a mixture of isomers. 1~
The configuration of the trisubstituted olefins resulting

from the reactions of Li(CH 2C(CH
3

)CHC 2H5
) with carbonyl compounds

and with alkylating agents were assi gned on the basis of their IR

and NMR spectra . Clark17 has examined a series of trialkylethyl-

enes of type RCH=C ( CH
3)R ’ (R ’ = CH 3

) and noted that an IR absorpti on

band at 2725 cm4 was characteristic of the Z configuration and

was absent in the spectra of the E isomers. Two groups18’~
9 , in

examining the NMR spectra of the same type of trialkylethylenea

(where one alkyl group is methyl), noted that the field position

of the methyl aubstituents on the double bond varied with the

geometry of the molecules. The S -values were seen to be approx-

imately 0.07-0.15 ppm to higher field for the E isomer than for

the Z isomer.

C H  CH H Cli2 5
\ , 3  \ / 3
o=c C=C

/ \H CH2-Q C2H5 
CM 2- Q •

E isomers Z isomers

The NMR spectrum of the silane product of the Li(CH 2C(CH 3)-

CHC2M5),4le3SiCl reaction showed only one Si-CM3 resonance and

only one resonance due to a methyl group attached to an olefinic

carbon atom. Its IR spectrum showed a band at 2730 cm4 , indica— 

--~~ -~~~~~~~~~~~~~~~~~~~~~~
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tive of the Z isomer (Q = Me
3Si). A mixture of both Z and E

isomers of this allylic silane was available from a Wittig

synthesis ( Scheme 2 ) . 1 The NMR spectrum of this isomer mixture
Scheme 2.

Ph3~’-CHCH3 + Me 3SiCH 2I )  [Ph3PCHCH 2SIMe 3J I

CH

— MeLi/

/
Ph
3
P-CCH2SiMe, ~~ Me3SiCH~~
CH C=CHEt (2)

3 CH ’

showed two Si-CH
3 

resonances, as well as two ~C-CH3 methyl reson-

ances which were separated by 0.12 ppm. The single CH3 resonance

of the Me 3SiCH2C(CH 3)=CHEt isomer from the organolithium synthesis

corresponded to the lower field signal of the pair seen in the

spectrum of the isomer mixture, thus confirming its identity as

the Z isomer. All the other compounds of this series displayed

only one methyl resonance in their NMR spectra and an IR absorption

in the 2730-2720 cm4 region. On this basis, a.ll were assigned

the Z configuration.

In the light of the above discussion, it is interesting to

note that the preparation of a].ly].ic tin and silicon compounds - •

by means of the Wittig reaction, as in Schemes 1 and 2 produces

a].lylailanes and -stannanes of varying degrees of isomeric

purity.1 On the other hand, the preparation of allylic silanes

by the allyllithium route results in the formation of only one

ieomer.

The general route illustrated in Scheme 1 for the synthesis

of allylic tin compounds should be broadly applicable to the syn—

I . 
• 

-- 

- 

----
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thesis of allyltins with varied substitution on the and

carbon atoms of the allyl substituent. Each allyltin compound

thus prepared will provide the preparative entry to the corre-

sponding a.llyllithium reagent .

EXPERIMENTAL

General Comments

All reactions were carried out in flame-dried glassware

under an atmosphere of prepurified nitrogen usi.ng rigorously

dried solvents. Collection of samples for analysis, spectroscopic

measurements and refractive index determination and for yield

determinations was accomplished using gas chromatography ( GLC) .

Yields were determined using internal standards and empirically

determined response factors.

Nuclear magnetic resonance spectra were recorded using a

Varian Associates P60 or an Hitachi-Perkin Elmer R2OB spectro-

meter. Proton chemical shifts are reported in S units ppm from
internal tetrarnethylsilane. Infrared spectra were obtained using

a Perkin Elmer Model Li.57A grating infrared spectrophotometer.

Methyllithium was purchased from Alfa Division, Ventron

Corp. The carbonyl compounds were commercial products (Eastman

or Aldrich ) and were used as received or purified if necessary.

The allylic tin compounds were prepared as described in Ref.  1.

The new compounds prepared during the course of this study ,

together with their physical properties, spectroscopic character-

ising data and their analyses. are listed in Table 6. Known corn-

pounds were identified by comparing their refractive indices and

NMR and IR spectra with literature data.

• 

—
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The Reactions of Allyljc Tin Conmounds with Methyllithium. Re-

actions of the Allylic Lithium Repgents.

A few examples of such reactions are given.

Reaction of Trimethyl( 2-noneny]j tin with Methyllithium~ Trimeth-

ylchlorosilane Quench

A 500 ini, three-necked Morton flask which was fitted with a

mechanical stirrer, nitrogen inlet tube and a no-air stopper, was

charged with 1.55 g (5.37 mmol ) of Me3SnCH2CH=CHC 6H13-~ (70/30

trans/~ja isomer ratio , by NMR ) and 200 ml of dry THF and cooled

in an ice bath . Subsequently , 3.20 in] . of 1.88M methyllithium in

diethyl ether (5.90 mmol , 1~~ excess) was added dropwise over a

3-k m m .  period. The solution immediately turned bright yellow.

The resulting mixture was stirred for 30 m m .  at ice bath temper-

attire and then 1.26 to] . (~~~. 10 nimol ) of’ trimethylchlorosilane was

added rapidly . The yellow color was discharged and the mixture

was stirred at room temperature for 30 m m .  Subsequently it was

trap-to-trap distilled (0.03 mm Hg at room temperature) into a re-

ceiver cooled -to -78°C.. An aliquot of the distillate was re-

moved for GLC analysis and the remainder was concentrated at re-

duced pressure . GLC analysis ( General Electric Co. SE3O silicone

rubber gum , 2OJ~ on Chromoaorb P, at 1200) showed the presence

of 5.26 mmol (9~~ ) of trans-Me3SiCH2CH=CHC 6H13—i~. - •

Reaction of Trimethyl(2-cvclohexvlidene~thvl)tin with Methyl-

lithiuml lodome thane Quench.

The lithium reagent was prepared using the above procedure

from 1.93 g (7.07 mmol) of the tin compound, III , in 200 nil of

THF and 7.78 mmol of methyllithium. To the resulting yellow

solution was added rapidly 2.6 in]. ~~~ kO inmol) of iodomethane.

After the reaction mixture had been stirred for 30 m m .  at room
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temperature, i t  was trap-to-trap distilled (0.07 mm Hg at

room temperature). GLC analysis of the concentrated distillate

showed -the presence of two productas 3.82 mmol (51i% ) of ~ -propyl-

idenecyclohexane , whose NMR20 and 1R21 spectra were in agree-

ment with published spectra , and 1.63 mmol (2~~) of 1-methyl—i-

vinylcyclohexane, n20D 1.14.505 (lit .22 n20D 1.11.512), whose NMR

spectrum matched that in ~he literature.
22

Reaction of Trimethyl(’3-phenylallyltjn)tin with Methyllithium;

Hexafluoroacetone Quench~
The lithium re agent was prepare d by the above proce dure

from 1.11.65 g (5.21 inmol) of trans-Me
3

SnCH2CH=CHPh in 200 ml of

THF and 5.70 mmol of methyllithium in diethyl ether at 0°C; a

deep red-orange solution resulted. The no-air stopper was re-

placed with a Dewar condenser filled with dry ice/acteone. Hexa-

fluoroacetone (Peninsular Chem Research) was dried by passing the

gas through columns filled with anhydrous calcium sulfate and an-

hydrous calcium chloride and then was condensed into the reaction

flask. The quantity of hexafluoroacetone used was roughly twice

the amount necessary to complete ly discharge the color of the

reagent solution. After the reaction mixture had been stirred at

room temperature for 3 hr. it was hydrolyzed by addition of 50
ml. of water. The mixture was extracted with pentane and the org-

anic layer back-rextracted with water. The organic layer was

dried and concentrated at reduced pressure. GLC analysis of the

residue showed the presence of two products. 3.23 mmol ( 62% ) of

trans-i , 1 -bis( trifluoromethyl ) -k-phenyl-3-butenol and 1.0k nunol

(2~~) of 1,1—bis(trifluoromethyl)—2—phenyl-3—buteno].a I ~

-ij i~
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